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Projected  side  area  of  submerged  portion  of  ship  demlhull 
Waterplane  area  of  ship  demlhull 
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Green's  function 
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ABSTRACT 


1 


A mathematical  model  and  computer  program  have  recently  been 
developed  to  predict  the  bending  moment,  sideload,  and  vertical 
shear  force  acting  on  the  cross  structure  and  strut  of  twin-hull 
ships  In  beam  waves.  The  computer  program  has  been  used  to  pre- 
dict these  loads  for  a variety  of  smal 1 -waterp lane-area , twin- 
hull  (SWATH)  ships,  and  good  agreement  with  experimental  data 
confirms  the  basic  validity  of  the  prediction  technique.  The 
prominent  feature  of  sideload  and  transverse  bending-moment  re- 
sponses for  SWATH  ships  Is  a sharp  peak  resulting  from  wave 
diffraction  at  an  excitation  wavelength  roughly  three  to  four 
times  the  maximum  overall  beam  of  the  ship. 


ADMINISTRATIVE  INFORMATION 

This  work  has  been  authorized  and  funded  by  the  Naval  Material  Command 
under  Llie  Small-Waterplane-Area,  Twin-Hull  Program,  Task  Funding  SFA 3-422-001 , 
and  by  the  Naval  Sea  Systems  Command  under  tlie  High-Performance-Vehlcle , 
Hydromechanics  Program,  Task  Funding  SF4 3-42 1-202 . 


INTRODUCTION 

A primary  consideration  in  the  design  of  twin-hull  ships  is  the 
strength  of  the  crossbeam  structure  and  struts  necessary  to  sustain  the 
wave-induced  dynamic  loads.  One  phase  of  the  ongoing  research  program  of 
the  sma 11-waterplane-area , twin-hull  (SWATH)  ship  concept  at  the  David  W. 
Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC)  is  the  develop- 
ment of  an  analytical  method  to  predict  dynamic  loading  on  twin-hull  ships 
in  waves.  A mathematical  model  and  computer-prediction  tool  are  now  avail- 
able which  provide  the  transverse  bending  moment,  sideload,  and  vertical 
shear  force  .icting  on  the  crossbeam  and  struts  of  twin-hull  ships,  having 
zero  forward  speed,  in  beam  waves.'’ 

From  a structural  viewpoint,  the  transverse  bending  moment  on  the 
crossbeam  and  struts  is  the  most  critical  of  the  loads,  and  arises  from 
the  action  of  both  wave  forces  and  ship  motion.  Furthermore,  experiments 


Curphey,  R.  M.,  "Computation  of  Loads  Act 
and  Struts  of  Twin  Hull  Ships  in  Beam  Waves," 
SPD-651-01  (Nov  1975).  A complete  listlnc  of 
page  43. 
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on  SWATH  models  have  shown  that  the  most  severe  dynamic  loads  on  the 
cross  deck  are  experienced  at  zero  forward  speed  In  beam  waves;  hence,  the 
theoretical  formulation  is  limited  to  predicting  loads  acting  in  a trans- 
verse ship  section  for  the  zero-speed,  beam-wave  condition. 

The  prediction  technique  has  been  used  to  investigate"  dynamic  loading 
for  a variety  of  twin-hull  ships,  including  conventional  catamarans  and 
SWATH  ships  with  one  and  two  struts  per  demlhull.  The  generally  good  agree- 
ment with  available  experimental  results  tends  to  confirm  the  basic  validity 
of  the  theoretical  formulation. 

In  the  first  section  of  tliis  report  theoretical  formulation  of  the 
load-prediction  method  is  described.  Some  basic  elements  of  the  loading 

3 4 5 

theory  have  been  presented  In  previous  reports  by  the  authors.  ’ ’ However, 
this  section  of  the  report  provides  a comprehensive  and  up-to-date  descrip- 
tion of  the  theoretical  basis  for  the  twin-hull,  load-prediction  computer 
program  currently  in  use  at  the  (;cnter.^  In  subsequent  sections  of  the  re- 
port, computed  transverse  loads  are  presented  for  several  SWATH  ships  in 
regular  and  irregular  beam  waves,  and  comparisons  with  available  results  of 
model  experiments  are  made.  The  prominent  features  and  trends  of  the  load 
responses  are  discussed,  and  important  distinctions  between  the  loading  on 
SWATH  ships  and  conventional  catamarans  are  noted. 

THEORETICAL  PREDICTION  OF  HYDRODYN/XMIC  LOADS 

A theoretical  analysis  is  described  in  this  section  for  determining 
dynamic  loads  on  the  hull  of  a SWATH  ship.  The  analysis  is  limited  to  the 


Tones,  H.  D.  and  D.  M.  Gerzina,  "Motions  and  Hull-Induced  Bridging 
Structure  Loads  for  a Small  Waterplane  Area,  Twin-Hulled  Attack  Aircraft 
Carrier  in  W.ives,"  NSRDC  Report  3819  (Aug  197  3). 

^Lee,  C.  M.  et  al.,  "Prediction  of  Motion  and  Hydrodynamic  Loads  of 
Catamarans,"  Marine  Technology,  Vol.  10,  No.  4 (Oct  1973). 

^Ciirphey,  R.  M.  and  C.  M.  Lee,  "Analytical  Determination  of  Structural 
Lo.iding  on  ASR  C.atamaran  in  Be, am  Seas,"  NSRDC  Repoi  t 42b7  (Apr  1974). 
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Pien,  P.  C.  and  C.  M.  Lee,  "Motion  and  Resistance  of  Low-Waterp lane 
Area  Catamarans,"  Ninth  Symposium  on  Naval  Hydrodvnamics,  Vol.  1,  Office 
of  Nav.al  Research  ( 1972). 


loads  acting  in  the  plane  of  a transverse  cross  section.  That  is,  only 
the  bending  moments,  shear  forces,  and  tensile  (compressive)  forces  on  the 
cross  deck  and  struts  as  shown  In  Figure  1 are  considered.  To  simplify  the 
analysis,  the  following  assumptions  or  conditions  are  made.  The  fluid 
surrounding  the  body  is  invlscid  and  incompressible;  its  motion  is  irrota- 
tional  so  that  a velocity  potential  function  <l>(x,t)  exists  in  the  fluid 
domain.  The  body  is  subject  to  regular  beam  waves,  responds  freely  to  the 
waves  in  the  sway,  heave,  and  roll  modes,  and  has  no  forward  speed.  The 
ship  is  replaced  by  twin  cylinders,  which  have  a uniform  cross  section 
identical  to  the  midship  section  of  the  ship  and  a length  that  maintains 
the  actual  ship  displacement. 

Under  the  foregoing  assumptions  or  conditions,  the  loading  analysis 
can  be  reduced  to  a cross  section  plane;  see  Figure  1.  For  a SWATH  ship, 
there  are  three  main  structural  members,  i.e.,  the  submerged  main  hull,  the 
vertical  struts,  and  the  cross  deck.  The  loadings  of  practical  interest 
are  the  bending  moments  and  shear  forcer,  induced  on  the  strut  and  the  cross 
deck,  especially  at  both  the  middle  and  the  Junctures  of  the  main  structural 
members,  i.e.,  cross  deck,  strut,  and  main  hull. 

The  analysis  is  first  developed  for  loads  at  the  midpoint  of  the  cross 
deck  or  beam;  then  the  midpoint  loads  are  used  to  evaluate  loads  at  other 
points  along  the  crossbeam  and  strut.  This  method  is  advantageous  in  that 
the  midpoint-load  formulation  exhibits  certain  simplicity  resulting  from 
symmetry  of  the  ship  section  and  inertial  and  hydrodynamic  forces  witti  re- 
spect to  the  section  centerline. 

Kxpressions  for  the  wave  loads  contain  the  wave-induced  motion;  lienee, 
the  equations  of  motion  for  heave,  sway,  and  roll  are  solved  as  an  inter- 
mediate step  in  the  midpoint-load  computation. 

Tlie  coordinate  system  to  be  used  in  the  analysis  is  shown  in  Figtiri-  1. 
The  location  of  the  center  of  gravity  of  the  body  is  indicated  by  z^.,  and 
the  center  of  gravity  of  the  right-half  portion  of  the  cross  section  is  in- 
dicated by  (y  ,7.  ).  The  height  of  the  neutral  axis  of  the  cross  dock  above 
o o 

the  mean  surface  of  the  water  is  denoted  by  h^.  A plane,  progressive  sinu- 
soidal wave  of  amplitude  A and  length  A is  propagating  in  the  positive 
y direction. 


FORMULATION  OF  CENTERLINE  LOADS 


From  principles  of  rigid  body  mechanics,  stresses  on  the  ship  section 
may  be  obtained  by  a free-beam  approach.  This  means  that  a portion  of  the 
body  (the  ship  section  in  this  case)  is  isolated  by  "cutting”  it  at  the 
points  where  the  loads  are  desired,  and  the  stresses  are  then  given  by  sum- 
ming all  forces  or  moments  acting  on  one  side  of  the  cut.  Since  the  abso- 
lute value  of  a given  load  at  the  cut  should  be  the  same  regardless  of  which 
portion  of  the  body  is  taken  to  be  the  free  end,  the  load  may  also  be  ob- 
tained by  averaging  with  appropriate  sign  the  forces  or  moments  from  the 
parts  of  the  body  on  both  sides  of  the  cut.  This  approach  was  suggested  by 
Ogllvie  for  evaluation  of  longitudinal  bending  moments  on  ships, ^ and  it  has 
been  applied  here  to  determining  loads  in  a transverse  ship  section.  When 
loads  are  to  be  evaluated  at  the  crossbeam  midpoint  by  evaluating  the  forces 
over  the  entire  section,  use  can  be  made  of  the  symmetry  of  the  ship  to 
simplify  the  loading  expressions. 

Let  m denote  the  mass  of  the  cross  section;  p,  the  hydrodynamic  pres- 
sure; n = (n^,  n^)  , the  unit  normal  vector  pointing  into  the  body; 
and  respectively,  the  displacement  of  the  body  from  its  mean  position 

in  sway,  heave,  and  roll;  /n,,d2.,  the  integral  over  the  submerged  contour 
of  the  cross  section  on  the  right  and  left  sides  at  the  mean  position. 

Then,  the  expressions  for  various  loadings  per  unit  length  can  be  written 
as 

Horizontal  Shear 

= - ^ J pn  sgn(y)de.  (1) 

R+L 

Vertical  Shear 

= y my  F,  - -j  j pn  sgn(v)dt  (2) 
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+ n^(h^^-z)sgn(y)  )d£ 


(3) 


where  m Is  the  mass  per  unit  length  of  the  hull  cross  section 

Is  the  y-coordlnate  of  the  center  of  gravity  of  the  right-half 
portion  of  the  hull  cross  section,  the  double  dot  denotes  the 
acce lerat Ion 

sgn(y)  means  the  sign  of  the  y variable,  i.e.,  on  the  right-half  side 
y -0  and  on  tlie  left-half  side  y<0. 

As  can  be  seen  in  the  foregoing  formulas,  to  evaluate  the  loads,  the 
motion  of  the  bodv  and  the  pressure  distribution  on  the  hull  are  required. 
This  information  can  be  obtained  by  solving  for  a velocity  potential  func- 
tion, which  represents  the  disturbed  flow  field  due  to  both  waves  and  body 
mot  ion. 

Under  the  assumption  of  an  infinitesimally  small  disturbance,  the 
velocity  potential  can  be  expressed  by 


T(v,z,t)  = z)e 


(4) 


where  . 

lO 


0 

4> 


I 

D 

i 


is  the  complex  amplitude  of 

is  the  complex  potential  which  represents  incoming  waves 
represents  the  wave-diffraction  potential 

represents  the  fluid  disturbance  caused  by  body  motion  in  the 
ith  mode.  The  wave  frequency  w is  related  to  the  wave  length 
A in  deep  water  by 


OJ 


(5) 


and  i=/^.  In  Equation  (4)  the  velocllv  potentials  on  the  right-hand  side 
are  given  in  the  form  of  complex  potential,  e.g.. 


I 


I 


1 

' 

! 

3 


b 


4>(y,z)  = (})^(y,z)  + Ji))g(y,z) 


and  it  is  understood  that  when  the  product  of  a complex  spatial  function 
and  the  time  harmonic  term  e appears,  only  the  real  part  of  the  product 
is  to  be  taken,  i.e.. 


4>e  = $ cos  wt  + ij)  sin  wt 

c s 


The  incoming-wave  potential  4>j,  corresponding  to  surface  waves  of  the 


form  A cos  (Ky-wt),  is  given  by 


* = _ iSA  e^z+jKy 

I 0) 


where 


K = 

^ 8 


The  (lif f rai  Led-wave  potential  4)^  and  the  motion-generated  potentials  are 
determined  by  the  method  of  source  distribution  from  known  values  of  the 
normal  fluid  velocity  on  the  hull  surface. 

If  a harmonic  function  W(y,z)  represents  either  4*^  or  4^,  the  bound- 
ary conditions  to  be  satisfied  by  W are  as  follows. 


The  Free-Surface  Condition 


KW(y.O)  = 0 


The  Kinematic  Body-Boundary  Condition 
(Solid  Surface) 


I Body  .Surface 
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where  V is  the  normal  velocity  of  the  body  surface  for  0 or  the  negative 
n 1 

of  the  normal  fluid  velocity  induced  by  the  incoming  wave  for  (l>p. 

The  Vanishing  Fluid  Velocity  at  Infinite  Depth 


Tlie  Requirement  for  Outgoing,  Radiated, 
Plane  Waves  at  | y | =°° 


lim  Re  (Ip-  + JKw)  = 0 


y *+0D 

where  Re  means  the  real  part  of  what  follows. 
The  potential  function  W can  be  given  by 


W(y,z)  = J Q(n,^)G(y,z;n,C)d?. 


(10) 


wfiere  Q is  the  unknown  strength  of  the  sources,  and  the  expression  of 
source  G given  by  Wehausen  and  Laitone^  (p.  481)  is 


G = 


k [ios(x- 

Ji*00 

. ^ 

0 '‘-k 

i H 


FJ  - log(x-fJ 
-1) 


dk 


i Re . e 
J 


-jK(x-'J 


g(x-t-f,)  - log(x-t-h) 
-JK(x-t-h) 


- dk 


■F  j Re  ^ e 


-jK(x-F;') 


(11) 


^Wehausen,  J.  V.  and  E.  V.  Laitone,  "Surface  Waves,"  Encyclopedia  of 
Physics,  Vol.  IX,  Springer  Verlag,  19b0, 


i 

I 

I 


j 
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where  x « y+J  z 
C ” frt-j', 
C “ n-JC 


denotes 


the  Cauchy  principal  value 


Integral . 


The  upper  signs  are  to  be  taken  when  W is  an  even  function  of  y,  and  the 
lower  signs  are  to  be  taken  when  W is  an  odd  function  of  y.  The  Green 
function  C satisfies  all  of  the  boundary  conditions  imposed  on  W,  except 
the  kinematic  body-boundary  condition.  The  unknown  function  Q is  deter- 
mined by  satisfying  the  normal  velocity  conditions  on  the  hull  boundary, 


9n 


J QGdl  = V (v,z) 
R 


Body  Surface 


The  previous  equation  can  be  reduced  to  a Freidholm-type  integral  equation 
for  Q,  and  details  of  procedures  for  numerical  solution  are  described  in 
References  8 and  9. 

The  velocity  potential  <()j,  which  is  associated  with  heave  motion,  is 
an  even  function  of  y;  and  (p^,  which  are  associated  with  sway  and  roll 
motion,  respectively,  are  odd  functions;  4)^^  has  both  even  and  odd  compon- 
ents. The  kinematic  boundary  conditions  to  be  satisfied  by  these  potentials 

t 

are  * 


9n 


Body 

Surface 


jwn^  for  i=2,  3,  and  4 


(12) 


where 


n^=yn^-zn2 


(13) 


g 

Frank,  W. , "Oscillation  of  Cylinders  in  or  Below  the  Free  Surface  of 
Deep  Fluids,"  David  Taylor  Model  Basin  Report  2375  (Oct  1967). 

q 

Lee,  C.  M.  et  al.,  "Added  Mass  and  Damping  Coefficients  of  Heaving  Twin 
Cylinders  in  a Free  Surface,"  NSRDC  Report  3695  (1971). 


•1 
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Body 

Surface 


KZ 

- wAe  (n^  cos  Ky+n^  sin  Ky) 


+ juiAe  (o2  sin  Ky-n^  cos  Ky)  (j 

The  diffraction  potential  can  be  expressed  as  the  sum  of  an  odd  and 
even  component  with  respect  to  y,  i.e.. 


where 


4,  = <,,(0)  + 


- (ijAe  (n2  cos  Ky+n^  sin  Ky) 


= - wAe  (n-  cos  Ky-n.  sin  Ky)  (] 

dn  3 ^ 

When  the  potentials  are  evaluated,  the  pressure  at  any  point  on  the  hull 
surface  is  given  by 


p = - p _ pg(f,^+y5^) 


= JoJO 


4 

P8(f;3+y^^) 


Substitution  of  the  pressure  given  by  Equation  (18)  into  Equations  (1) 
through  (3)  and  use  of  the  even  and  odd  properties  of  the  potential  func- 
tions tj,  and  1})^  and  n^  and  n^  with  respect  to  the  ship  centerline  re- 
sults in  the  following  expressions  for  the  transverse  force  the 

vertical  shear  force  and  the  transverse  bending  moment  at  the 

midpoint  of  the  cross  beam. 


10 


'2°^  * ^-pgA  Je*^*cosKy  n2dH 

-Jpw  j 


e”'^‘^‘^-jwp  E,  J 4i,n  d£ 
R 


- f-  my  ^^+pgbb  £ + [-jpgA  Je’^^slnKy  n di 

L R ^ 


R 


e ■^‘^*^-Jcjp^2  J"  4>2nod*- 
R 


-jwp^  J (}>,n  dt 

R 


L P 


e cosKy  {n^y+(h^-2)ri2 


^y+n^ (h^-z)  }d£ 


J ({jjfn^y+n^Ch^-z)  }de.  e 
R J 


where  the  expression  for  0^.  given  by  Equation  (8)  is  used,  and  and 

(J)p°^  mean,  respectively,  the  even  and  odd  part  of  (J)^,  defined  by  Equations 
(16)  and  (17). 

The  dynamic  loads  at  the  crossbeam  midpoint  given  by  Equations  (19) 
through  (21)  exhibit  a certain  simplicity  because  of  the  symmetry  proper- 
ties of  the  forces  involved  with  respect  to  the  ship  centerline.  In 
particular,  it  is  noted  that  heave  is  the  only  mode  of  motion  contributing 
to  and  while  sway  and  roll  contribute  only  to 

If  we  remove  the  harmonic  time  dependence  from  the  foregoing  equations, 
the  remaining  expressions  are  in  the  form  of  complex  amplitude.  The  real 
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amplitudes  and  the  phases  with  respect  to  the  Incoming  waves  are  obtained 

for  a complex  amplitude  V , which  Is  expressed  by  V “V  +1V 

o o c s 

Amplitude  » |V  I 
' o 

Phase  “ tan 


EQUATIONS  OF  MOTION 

The  expressions  for  the  midpoint  loads  given  in  Equations  (19)  through 
(21)  contain  the  amplitudes  of  motion  f,.,  and  . It  is  therefore 

2 J 4 

necessary  to  solve  the  equations  of  motion  before  the  loads  can  actually 
be  evaluated. 

Relative  to  the  origin  of  the  coordinate  system  Oyz,  the  equations  for 
sway,  heave,  and  roll  motion  are  given  by 


=J 

R+L 


pn^d?. 


J pn  de. 
R+L 


(22) 


(23) 


If., 


-I 


R+L 


pn^dC 


(2s) 


where  I is  the  roll  moment  of  inertia  about  the  origin,  and  is  tlic 

z-coordinate  of  the  center  of  gravity  of  the  cross  section. 

Substitution  of  the  pressure  from  Equation  (18)  into  Equations  (22) 
through  (24)  and  use  of  the  symmetry  properties  of  (f  ^ 1' p and 
about  the  ship  centerline  result  in  the  following  expressions. 
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vlll 


„ %>•  - 
. CWM'-3  Li''- 


{-Lij  (nH-A22)-JwB22}C2  ■*■  ni(-z^_)-w'^A,^ -JcjB,/_  )C 


G'  " "24  ->”"24  ^4 


2p(M 


f sin  Kyd?,  + J f e 

L“  R 2 2 J 


(25) 


{-u)  (nr+-A22)"J‘^®33"*’2pgb^}^2 


2pt»iA  ^ I e*^^n_  cos  Kydi-  I 4>^®^n,d)l)  e 

L“  •’r  3 D 3 J 


(26) 


-U)  (I-^A^^)-jo)B^^  -t-  pg 


{o*  n)  - 


= 2puiA 


L R R 


dH 


-Jojt 


(27) 


where 


\k  = - (^s"k'^ 

®ik  = 2p  K.v'- 

R 


(28) 


(29) 


for  1,  k”2,  3,  4. 

where  V is  the  Immersed  cross  sectional  area, 

z is  the  z-coordinatc  of  the  center  of  buoyancy, 

B 

b is  the  distance  between  the  ship  centerline  and  the  centerline  of 
one  hull,  and 

b is  the  breadth  of  the  strut  at  the  waterline. 


lx 


The  terms  Involving  the  diffraction  potential  appearing  on  the  right 
side  of  Equations  (23)  through  (27)  are  usually  evaluated  by  use  of  the 
Hasklnd  relation.  By  the  Hasklnd  method,  the  Integrals  of  the  diffraction 
potential  are  replaced  by  Integrals  Involving  the  forced  oscillation  po- 
tentials so  that  the  diffraction  potential  need  not  be  explicitly  deter- 
mined. In  this  analysis,  however,  the  diffraction  potential  Is  needed  for 
load  computation*  and  Is  explicitly  computed  by  using  the  method  of  source 
distribution  taken  from  the  hull-boundary  conditions  of  Equations  (lb)  and 
(17). 

The  equivalence  of  evaluating  wave-exciting  forces  by  the  Hasklnd 
mettiod  and  bv  direct  computation  and  integration  of  the  diffraction  poten- 
tial has  been  verified  during  the  course  of  this  work. 

When  all  of  the  required  potential  functions  and  resulting  wave-exciting 

forces  and  hvdrodvnamlc  coefficients  are  evaluated.  Equations-  (25)  through 

(27)  can  be  solved  for  the  motion  displacements  ' , , and  . With  known 

z i A 

motion,  the  equations  for  the  loads  (Equations  (19)  through  (21))  can  be 
evaluated . 


F0R.M1'LATI0N  OE  OFF-CENTEKI.  INE  LOADS 

The  Hvnamic  loads  (shear,  tens  ion/compress  ion , and  bending  moment)  at 
points  other  than  the  midpoint  of  the  crossbeam  can  be  obtained  by  either 
adding  to  or  svibtracting  from  the  loads  at  the  midspan  of  the  cross  deck 
the  appropriate  effects  contributed  by  the  segment  of  the  structural  mem- 
bers between  the  section  in  question  and  the  midspan  section  of  the  cross 
deck . 

For  the  sake  of  simplicity,  we  assume  that  the  mass  per  unit  length 

Is  uniform  along  the  cross  deck  and  along  the  vertical  strut  cross  sections 

and  is  denoted  hv  m,  and  m , respectively.  We  denote  the  mass  of  ttie  main 
d s 

hull  section  on  the  right  side  by  nij^,  and  the  main  hull  center  of  mass  Is 
assumed  to  be  along  the  centerline  of  the  main  hull  cross  section;  see 

*Ogilvie^  has  shown  that  the  diffraction  contribution  to  t lie  bending 
moment  mav  be  obtained  by  a H.isk ind-type  relation.  This  method  still  in- 
volves the  solution  of  two  new  potential  functions  so  no  real  computational 
advantages  are  provided. 
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Figure  1.  The  loads  to  be  determined  are  limited  to  those  acting  In  sec- 
tions of  the  strut  and  the  cross  deck  only. 

The  expression  for  the  horizontal  force  at  a location  y along  the 
cross  beam  easily  obtained  by 

V2(y.h^)  ” (30) 

and  at  a location  z along  the  strut  by 


V^Cb.z) 


= V. (b, h )-m 
2 os 


r\  ..  .. 

J (C2-zC^)dz 


+jo)p 


J 


(Jm.dUe 

(z) 


m .b-hn  (h  -z) 
d s o 


^2' 


m jbh  -hn 
d o s 


2 2 
(h^-z') 


^4 


+jwp 


I 


C(z) 


(31) 


where  the  integral  C(z)  denotes  the  line  integral  along  the  left  side  of 
one  strut  from  the  waterline  to  the  point  in  consideration  and  back  to  the 
waterline  on  the  right  side  of  the  strut,  i.e., 


2 

0 

r 

J = 

* J 

X(z) 

0 

Left  z 

Side 

he  dashed 

line  should  h 

Right 

Side 


below  the  waterline. 
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The  vertical  force  at  a location  y along  the  crossbeam  can  be  obtained 


V,(v.ti  ) 
5 o 


= V.3  m^y^34,.  m^  f- 


and  at  a location  z along  the  strut  by 


V , ( b , z)  = V (b , h )-m 
3 3 o 


s I 3 4 


+ j Tn, 


die  '‘^'■-1  g I (■■,  +>•■■  )n  d. 
•^C(z) 


+ . “^m.bf  -hc^m  ■'  +'i'^m  (li  -z);. 

3 d 5 d 2 A so  J 


-H.rm  bill  -z)’,. 
so  a 


2^^()^''’ 3' 30^^'a"40^"5‘^' 


-Og(bo-b^)r.,-* 


where  b is  the  breadth  of  the  strut  at  z.  If  the  strut  is  vertical,  t lie 
z 

.ontribution  from  the  components  below  tlie  daslied  line  will  be  zero. 

The  heading  moments  at  points  along  the  crossbeam  .and  strut  denoted 
by  Mj  .Hid  .'■1,.  respectively,  c.an  be  olit .lined  bv 


lb 


M3(y.h^) 


r-.  j’ 


(y-n)(C3-*-nf;^)<in 


M^3"^-u)^ra^  ^ ^ ^4“'"  ®^o  2 ^4 

) ^ + jPRyA  sin  KycH>Jpcjy 

o 4 L R ■*  R 


-Pgybb 


di 


- jujt 


J(D  n dS!.+ju)py^^|  <|;^n. 


de. 


and 


M^(b 


+jpa)yC2J  ^2'^3‘^ **'■*■-) ‘^^^^4 J '^4'’3' 
R R 


h 

,z)  = M3(b.h^)-(h^-z)V^(b,h^)-m^  j (z-r. 


(34) 


)(C2--34^d-. 


+lu)p|  <})((n-b)n3-(^-z)n2}d?.e 

cu) 


■ jUJl 


= M 


(o) 


-Pg  (C  +b?;^)i(n-b)n3-('.-z)n2,»d^ 

C(z) 

+ CjpgbA  fe*^^'n3  sin  K.ydC+Pg(h^-z)A  j e n 

L R 

+jpa)b  j"<t)p"^n3dS.+,iPw(h^^-z)  Jlip  n^dt  j e 

J <12'^ 


sin  Kyd  £ 


2 

b(h  -z)-uJ  m +ipwb  J (l-,n3 

do  s *.  ^ 


[“‘^^"’d  T |^<l>3n3cl^ 
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r 3 2 

2 b u)  2 2 

+ -Li)  ra  — + — y bnrHj  m.bh  (h  -z)-pab  b 
do  2 o do  o o 


3 3 2 

^ (2h  +z  -3zh  ) 

. ^ o , . . 

+<ij  ^ +j()U)b 


J^n^df. 

R 


jpw  I $ 

L C(z) 


{ (n-b)n^-(C-z>n2/di 


+ jpoj 


j +:j,{(n-b)n  -(j;-z)n  }df  e 
c:(z)  -*  ^ . 


+ jpcj  J (n-b)n  -(r,-z)n  }df .% 
•'c(z)  ^ - 


+ Jpu)  J iJ)j{  (n-b)n^-(:,-z)n2}dHf,^ 


+ jpcj  I { (n-b)n  -(.,-z)n  }d?^ 

C (z ) 


The  loads  at  different  locations,  decomposed  to  show  the  cont r i hut  ions 
of  various  sources,  are  shown  in  Tables  1 through  3.  A zero  subscript  is 
used  to  denote  the  complex  amplitudes.  The  loads  obtained  in  the  foregoing 
are  the  quantities  per  unit  length  of  tlie  ship;  thus,  the  total  loads  on 
the  ship  can  be  approximated  by  multiplying  the  sectional  quantities  bv  the 
equivalent  ship  length  as  previously  mentioned. 


PRKIHCTION  OF  LOADS  ON  SMALL-WATKRl’LANE-ARKA , 

TWIN-HULL  SHITS 

Over  the  past  several  vears,  the  theoretical  lo.ad-pred  i c t ion  model 
described  previously  h.is  been  .applied  to  both  conveetion.il  cat .im.ar.ms  .ind 
newly  designed  sma 1 1-waterp lane-area , twin-hull  (SWATH)  models.  Load 
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prediction  results  for  conventional  catamarans  have  been  reported  In  Refer- 
ences 3 and  4.  The  overall  Rood  aRreement  of  the  prediction  with  experi- 
mentally obtained  loads  has  confirmed  the  basic  validity  of  the  theory  for 
the  conventional  catamaran  hull  forms. 

In  this  report  load  predict  ii'n  results  for  several  SWATH  hull  forms 
are  presented  and  compared  with  available  load  measurements  on  models,  and 
the  essential  features  of  tr.insverse  loadlnR  responses  on  SWATH  type 
vefucles  are  discussed.  The  results  presented  here  ,ire  for  sinRle-strut 
SWATH  desiRiis,  since  tliese  hull  fi'rms  are  comp.it  ible  with  the  two-dimensional 
.ipproximat  ions  ot  the  theorv  ,md  .idequate  experimental  data  for  tliese  ships 
is  now  .iv.iilable  for  comparison.  Application  of  the  theory  to  the  predic- 
tion ot  lo.ids  on  double  strut,  i.e.,  struts  in  t.mdeiii,  SWATH  forms,  and 
stable  platforms  has  been  .iccomp 1 ished  with  some  limited  suciess  by  a strip- 
wise  appro. ich;  liowever,  verv  little  experimental  d.it.i  .ire  .iv.iilable  to 
v.ilid.ite  predictions  for  these  types  of  hulls. 

.Models  of  several  SWATH  ship  desiRns  have  been  built  and  tested  at  the 
('.enter  in  recent  years.  In  particular  wave-induced  motions  and  lo.ids  have 
been  measured  on  SWATH  1,  SWATH  4,  .ind  SWATH  CVA  (.itt.ick  .lircr.ift  carrier) 
models,  ,ind  t lie  results  of  these  model  experimimts  have  natural  Iv  been  the 
suhjeit  of  extensive  an.ilysis  ,ind  comp.irison  with  the  theoretical  load  and 
motion  predictions.  A compil.it  ion  of  full-sc.ile  Reometric  ih.irac  t er  i s t i cs 
of  till"  previously  described  models  is  shown  in  Tabli’  4. 


SWATH  ATTACK  AIRCRvU'T  CARRIT.R 

The  most  comprehens  i vi-  set  of  experimental  lo.iditiR  d.it.i  for  .i  SWATH 
ship  w.is  oht. lined  for  a proposed  SWATH  CVA;  see  Reference  d.  The  .implitude 
•imf  phase  of  the  wave- induced  loads  actinp  on  the  ship  crossbeam  toRether 
with  the  ship  motions  were  me.isured  over  .i  ranRe  of  speeds  and  w.ive  he.ui- 
inRS.  Till-  theoretic.il  load  prediction  (liquations  (19)  throuRh  (dl))  h.is 
been  .ipplii'd  to  SWATH  CVA  for  the  zero-speed,  beam-w.ive  condition.  The 
.implitude  .ind  phase  of  the  transverse  bendinR  moment  TVBM,  t r.insverse  forci' 
TK,  .md  vertic.il  she.ir  force  VS  .ictlnR  midpoint  of  tlu’  criissbe.im  .ire  shown 
in  TiRures  d throuRh  1.  The  theoretical  prediction  is  indicated  bv  the 
solid  line,  .ind  the  circles  denoti'  experimental  v.ilues  obtained  from  Refi-r- 


ence 


TABLE  4 - CHARACTERISTICS  OF  SMALL-WATERPLANE-AREA 


TWIN-HULL  MODELS 


Characteristic 

SWATH 

CVA 

SWATH 

1 

SWATH 

4 

Model  No. 

5266 

Modcat  1 

5287 

Scale  Ratio 

50 

40.96 

20.4 

Length  in  Feet: 

Overall 

850 

520 

287.6 

Waterline 

751 

440 

226.7 

Draft  in  Feet 

69.  5 

40.0 

28.0 

Demihull  Beam  in  Feet: 

Waterline 

30.42 

17.06 

8.0 

Maximum 

70.0 

30.72 

18.0 

Hull  Separation  in  Feet 
^L  "^L 

279.0 

75.0 

i 

Displacement  in  Long  Tons 

101000 

22600 

3960 

Waterplane  Area  in 

23660 

13700 

2700 

Square  Feet 

Demihull  Projected  Side 
1 Area  in  Square  Feet 

53250 

19050 

6760 

1 

1 Maximum  Sectional  Area 

3020 

877 

332 

j Demihull  in  Square  Feet 

1 Neutral  Axis  Height  from 
j Waterline  in  Feet 

68.  2 

33.0 

21.0 

1 Vertical  Center  of 

Gravity  from  Water- 
line in  Feet 

+8.  5 

0.0 

+ 3.2 

Transverse  GM  in  Feet 

92.0 

87.55 

8.0 

Heave  Period  in 

Seconds 

19.8 

10.  0 

10.25 

Roll  Period  T.  in  Seconds 

?> 

25.46 

1 3.09 

17.9 

23 


AMPLITUDE  OF  TVBM/_i 


W 

Figure  2 - Amplitude 


Figure  3 - Phase  o 


PHASE  OF  TF  (DEG)  ^ AMPLITUDE  OF 


AMPLITUDE  OF  TF/(pgA  A) 


PHASE  OF  VS  (DEG)  AMPLITUDE  OF  VS/(Ji,A/U 


AMPLITUDE  OF  VS  (/  gA 


Two  scales  for  the  amplitudes  of  the  loads  are  shown.  On  the  left, 
vertical  scale  bending  moment  Is  nondimenslonallzed  by  the  product  of  ship 
displacement  A2  and  wave  amplitude  A,  and  the  transverse  force  and  vertical 
shear  are  nondimenslonallzed  by  the  product  of  ship  displacement  and  the 
ratio  of  wave  amplitude  to  ship  length.  On  the  right,  vertical  scale  bend- 
ing moment  Is  nondimenslonallzed  by  pgA  dA,  sideload  or  transverse  force  bv 

P 

pgA^^A,  and  vertical  shear  by  pgA^^A,  where  A Is  the  side  projected  area  of 

the  submerged  portion  of  the  demlhull,  d Is  the  distance  from  the  netural 

axis  of  the  cross  beam  to  a point  at  middraft,  and  A is  the  waterplane 

wp 

area  ot  the  demlhull.  These  nond Imens Iona  1 izat Ions  imply  a certain  assumed 
functional  dependence  of  the  loads,  the  significance  of  which  will  be  de- 
scribed shortly.  All  phases  are  specified  in  degrees  relative  to  the  wave 
crest  of  the  incident-beam  wave  train  at  the  centerline  of  the  ship. 

All  of  the  loads  shown  in  Figures  2 through  7 are  at  the  midpoint  of 
the  crossbeam;  in  linear  theory,  the  maximum  bending  moment  and  sideload 
occur  at  this  point.  The  loading  at  other  points  along  the  crossbeam  and 
strut  will  be  discussed  in  a later  section. 

The  heave  and  roll  motions  of  SWATH  CVA  are  shown  in  Figures  8 and  9, 
respectively.  Heave  motion  is  nondimensiona 1 ized  by  wave  amplitude;  tlie 


roll  motion. 


by 


the  wave 


s lope 


SWATH  9 

An  extensive  experimental  program  in  which  wave  lo.ids  were  measured 
lias  also  been  performed  on  a 20.4-scale  model,  DTNSRDC  Model  5287,  desig- 
nated as  SW/fTH  4.  The  results  of  this  program  are  presented  in  Reference 
10  and  have  been  used  for  comparison  with  the  theoretical  transverse-load 
predict  ions . 

Figure  10  shows  the  theoretical  and  experimental  v.alues  ot  the  .impli- 
tude  of  transverse  bending  moment  at  the  center  of  the  crossbeam  for 
SWATH  4.  Tlie  theoretical  values  have  been  obtained  bv  using  Fqual ion  (21). 

^^K.illio,  .I.A.  and  Ricci,  "Seaworthiness  Characteristics  ot  a Sm.ill 

Waterplane  Area  Twin  Hull  (SWATH  IV)  Part  II,"  DTNSRDC  Departmental  Report 
SPD-A20-02  (197b). 
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T-'insverse  and  vertical  shear  forces  were  not  measured.  However,  theoret- 
ical values  for  these  quantities  obtained  by  Equations  (19)  and  (20)  are 
presented  in  Figures  11  and  12.  The  data  have  been  nondlmensionalized  in 
the  same  manner  as  those  for  SWATH  CVA.  Figure  13  shows  the  theoretical 
amplitude  of  the  transverse  bending  moment  obtained  by  Equation  (21)  at 
three  points  on  the  ship  section  for  SWATH  4.  The  solid  line  denotes 
response  (bending  moment)  at  the  centerline  of  the  crossbeam;  the  dotted 
line,  the  response  at  the  juncture  of  the  crossbeam  and  strut;  the  broken 
line,  the  response  on  the  strut  at  the  waterline. 

Figures  14  through  16  show  the  roll,  lieave,  and  sway  responses,  re- 
spectively, of  SWATH  4 at  zero  speed  in  beam  waves.  Heave  and  sway  motion 
are  nondlmensionalized  by  wave  amplitude;  roll  angle  (radians),  by  the 
ratio  of  wave  amplitude  to  hull  separation  b.  Experimental  results  are 
available  from  Reference  10  for  the  roll  and  heave  motii'n.  I'he  apparent 
discontinuity  in  the  predicted  sway  response  (Figure  16)  is  due  to  strong 
coupling  from  the  large  predicted  roll  resonance;  see  Figure  14. 

SWATH  1 

Load  measurements  were  obtained  on  an  early  model  of  a SWATH  design, 
designated  "SWATH  1."  In  full-scale,  SWATH  1 would  be  intermediate  in 
size  between  SWATH  CVA  and  SWATH  4 but  with  a smaller  hull  separation. 
Figures  17  through  19  show  the  amplitudes  of  the  predicted  and  exper  i ment.a  1 
transverse  bending  moment,  transverse  force,  and  vertical  shear  force  at 
the  midpoint  of  the  crossbeam.  Experiment.il  d.ita  for  SWATH  1 ;ire  unpub- 
lished. The  data  again  have  been  nondlmensionalized  in  the  manner  de- 
scribed for  SWATH  CVA. 

Load- transfer  functions  tor  the  three  SWATH  sliips  liave  been  used  with 
the  Pierson-Moskowitz  spectrum,  following  the  appro.ich  sliown  in  References 
1 and  4,  to  obt.iin  the  statistical  loads  in  irri'gular  beam  waves.  I lu‘ 
s i gni  f ic.int  amplitudes  of  transverse  hetuiing  moment,  t r.insverse  force,  .ind 
vertic.il  shear  force  at  the  midpoint  of  the  crossbeam  art'  sliown  in  Figures 
20  through  22  as  functions  of  signif  ic.int  wave  height.  Rending  moment  is 
nond  imens  ion.i  1 i zed  by  multiplving  the  demihull  displacement  ^ hv  the 
vertical  distance  from  the  neutral  axis  to  mlddr.it  t d.  1 r.insverse  fence 
.ind  vertical  shear  ari'  nond  imens  ion.i  1 i zed  hv 
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igure  15  - Amplitude  of  Transverse  Ht'nding  Moment  of  SWATH  4 in  Kegular 
Beam  Waves  at  Various  Locations  on  Hull  Structure 
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DISCUSSION  OF  LOADS  ON  SMALL-WATERPLANE-AREA,  TWIN-HULL  SHIPS 

The  available  experimental  data  generally  confirm  the  validity  of  the 
theoretical  prediction  for  the  SWATH  hull  forms.  The  transverse  bending 
moment  and  sideload  are  the  more  important  loads  for  ship  structural  re- 
quirements and  the  theory  provides  very  good  prediction  of  these  responses. 
The  theory  also  provides  an  adequate  prediction  of  the  vertical  shear  on 
the  crossbeam  although  this  load  is  an  order  of  magnitude  smaller  than  the 
sideload  for  SWATH  ships. 

The  essential  features  of  the  SWATH  loading  responses  shown  in  the 
previous  section  will  now  be  discussed.  Some  differences  in  loading  re- 
sponses among  the  three  SWATH  ships  are  noticeable,  and  the  loads  also 
exhibit  some  important  differences  from  the  loads  determined  for  conven- 
tional catamaran  hull  forms. 

In  the  formulation  of  the  loads,  the  bending  moment,  transverse  force, 
and  vertical  shear  force  are  resolved  into  components  resulting  from  the 
effects  of  the  incident  wave,  diffracted  wave,  and  inertial  and  hydrody- 
namic effects  of  the  heave,  sway,  and  roll  motion.  Furthermore,  because 
of  the  right-and-left  symmetry  of  the  ship  section,  when  loads  are  evalu- 
ated on  the  axis  of  symmetry,  i.e.,  the  midpoint  of  the  crossbeam,  only 
certain  components  contribute  to  any  given  load  quantity.  In  particular, 
at  the  crossbeam  midpoint,  bending  moment  arises  from  the  action  of  hori- 
zontal forces  which  are  antisymmetric  on  the  right  and  left  hulls,  and 
vertical  forces  which  are  symmetric.  The  transverse  force  arises  from 
antisymmetric  horizontal  forces,  and  the  vertical  shear  arises  from  anti- 
symmetric vertical  forces;  see  Equations  (19)  through  (21).  Heaving  motion 
produces  symmetric  vertical  inertial  and  hydrodynamic  forces  and,  there- 
fore, contributes  to  the  bending  moment  and  transverse  force.  Roll  and 
sway  motion  produce  antisymmetric  vertical  forces  on  the  hull  and  contri- 
bute to  the  vertical  shear.  The  wave-exciting  and  diffraction  components 
contain  both  symmetric  and  antisymmetric  parts  so  that  the  symmetric  (even) 
part  contributes  to  bending  moment  and  transverse  force,  and  the  antisym- 
metric (odd)  part  contributes  to  the  vertical  shear;  see  Table  3 and 
Equations  (19)  through  (21). 
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When  loads  are  computed  at  points  off  the  ship  centerline — along  the 
crossbeam  and  strut — the  problem  no  longer  is  symmetric,  and  all  components 
begin  to  influence  the  total  load  quantities.  The  theory  is  formulated, 
however,  so  that  off-centerline  loads  can  be  computed  from  the  centerline 
loads  and  additional  contributions  due  to  the  mass  of  the  crossbeam  and 
strut;  see  Table  3. 

The  most  prominent  feature  of  the  bending  moment  and  transverse-force 
responses  of  SWATH  ships  shown  in  Figures  2 and  4 is  the  large  peak  occurr- 
ing at  wavelengths  roughly  three  to  four  times  the  maximum  overall  beam. 

This  peak  is  associated  with  the  wave-diffraction  contribution,  a purely 
dynamic  effect,  and  would  not  be  predicted  by  simpler  theories  based  on  a 
"static"  approach.  Figure  23  shows  the  midpoint  bending  moment  for  SWATH 
CVA  resolved  into  components  arising  from  incident  wave,  diffracted  wave, 
and  heave  motion.  The  large  effect  of  wave  diffraction  is  apparent.  As 
previously  mentioned  heave  is  the  only  motion  contributing  to  the  midpoint 
bending  moment;  its  effect  is  small,  particularly  in  the  region  of  peak 
bending  moment.  Generally,  the  wave  diffraction  is  the  primary  component 
of  the  bending  moment  and  transverse  force  for  SWATH  ships.  By  contrast, 
the  incident  wave,  diffracted  wave,  and  heave  motion  all  provide  roughly 
equal  contributions  to  the  bending  moment  for  conventional  catamaran  hull 
forms;  see  Reference  3.  Figures  8 and  9 show  the  heave  and  roll  motion  of 
SWATH  CVA;  it  is  noted  that  the  large  roll  resonance  at  low  frequency  has 
virtually  no  influence  on  the  midpoint  bending  moment,  as  expected.  The 
theory  predicts,  however,  that  roll  motion  should  contribute  to  the  verti- 
cal shear  force,  and  the  small  peak  in  the  vertical  shear  responses  for  all 
SWATH  ships  occurs  at  the  roll  resonant  frequency.  This  influence  is  con- 
firmed by  the  experimental  data;  see  Figures  6 and  19. 

The  bending-moment  and  t ransverse- force  results  obtained  for  SWATH  1 

(Figures  17  and  18)  are  somewhat  peculiar  in  tiiat  ti>e  responses  more  closelv 

resemble  conventional  catamaran  hulls  than  SWATH  CVA  .ind  SWATH  4.  This  is 

probably  due  to  the  relatively  close  tiull  separation  of  SWATH  1.  The  sharp 

peak  at  A/B  *3  in  tiie  theoretical  results  is  the  result  of  an  exagger.ited 
m 

heave  resonance  caused  by  insufficient  d. imping  in  tiie  motion  prediction. 
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It  la  noted  that  the  bending  moment  and  transverse-force  responses  for 
SWATH  ships  have  almost  Identical  shapes.  This  suggests  that  the  bending 
moment  for  SWATH  ships  is  primarily  a result  of  the  action  of  horizontal 
forces  applied  on  the  hulls  with  some  equivalent  vertical  moment  arm.  In- 
deed, both  theoretical  and  experimental  results  Indicate  that  for  the 
narrow-beam,  large-draft,  SWATH  demihulls,  horizontal  forces  are  an  order 
of  magnitude  larger  than  vertical  forces,  particularly  at  the  shorter  wave- 
lengths. At  shorter  wavelengths  (near  the  peak),  the  horizontal  forces 
(sideload)  provide  the  major  source  of  bending  moment,  while  at  longer 
wavelengths  bending  moment  is  more  evenly  distributed  between  the  action 
of  vertical  and  horizontal  forces. 

When  the  bending-moment  response  is  divided  by  the  corresponding  side- 
load  response,  at  short  wavelengths  a length  roughly  equal  to  the  half 
draft  plus  the  distance  from  the  waterline  to  the  neutral  axis  of  the  cross- 
beam (H/2+h  ) is  obtained  for  the  equivalent  vertical  moment  arm.  Thus, 
o 

near  the  wavelength  producing  maximum  bending  moment  on  the  crossbeam,  the 
bending  moment  may  be  regarded  as  a result  of  the  sideload  acting  roughly 
at  the  half  draft.  The  sideload  per  unit  of  ship  length  is  also  roughly 
proportional  to  ship  draft;  therefore,  in  three  dimensions  it  is  expected 
that  this  force  is  proportional  to  the  side-projected  area  presented  by 
the  submerg.d  portion  of  the  demihull. 

Ncndimensionallzing  the  sideload  by  pgA^A  and  bending  moment  by 
pgAp (H/ ?+h^ ) A may  therefore  be  expected  to  collapse  these  load  quantities 
for  dif.orent  SWATH  ships  into  approximately  a single  curve  in  the  wave- 
length region  in  which  bending  moments  are  maximum.  Sideload  and  bending 
moment,  nondimenslonal ized  by  the  previously  described  respective  quanti- 
ties are  indicated  on  the  right-hand  scales  in  the  presented  data. 

As  prevlovisly  mentioned  the  vertical  shear  force  is  an  order  of 

magnitude  smaller  than  the  sideload,  except  at  long  wavelengths.  The 

vertical  shear  is  nondlmensionallzed  by  pgA  A,  where  A is  the  demihull 

wp  wp 

waterplane  area. 

In  the  theoretical  formulation,  the  loads  at  arbitrary  locations  along 
the  crossbeam  and  strut  are  determined  from  a knowledge  of  midpoint  loads. 
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This  method  Is  used  because  midpoint  loads  exhibit  a certain  simplicity 
due  to  the  symmetry  of  the  forces  involved.  In  particular,  at  the  cross- 
beam midpoint,  only  heave  motion  contributes  to  bending  and  transverse 
force,  while  sway  and  roll  contribute  to  the  vertical  shear.  This  effect 
is  verified  by  the  experimental  data  shown  for  SWATH  ships. 

At  points  off  midpoint  of  the  ship,  it  is  expected  that  all  modes  of 
motion  begin  to  affect  the  loads.  As  an  example  that  is  typical  of  SWATH 
vehicles,  the  bending-moment  response  for  SWATH  4 is  shown  in  Figure  13 
at  the  crossbeam  midpoint,  crossbeam  strut  Juncture,  and  strut  at  the 
water  1 ine . 

At  the  midpoint,  the  peak  due  to  wave  diffraction  is  evident  at 

A/B  -4,  and  the  bending  moment  decreases  to  zero  in  long  waves.  It  is 
m 

noted  that  the  roll  resonance  occurring  at  \/B  =17  has  no  effect  on  the 

m 

moment  .it  midpoint.  (This  effect  is  verified  by  experimental  data  as  noted 
in  Figure  2 for  SWATH  CVA.)  Moving  along  the  crossbeam  to  tiie  juncture 
with  the  strut,  a secondary  peak  due  to  roll  motion  occurs  at  the  roll 
resonant  frequency,  with  the  primary  peak  almost  unaffected.  On  the  strut, 
the  moment  is  reduced;  however,  the  secondary  peak  remains  unchanged. 
Although  the  peak  bending  moment  is  greatest  at  the  midpoint,  the  appear- 
ance of  the  secondary  peak  at  other  locations  on  the  crossbeam  means  that 
in  irregular  waves  the  st.it ist ica 1 amplitude  of  the  bending  moment  could 
be  slightly  greater  away  from  midpoint,  if  the  roll  resonant  frequency 
were  in  the  vicinity  of  the  peak  of  the  wave  spectrum. 

CONCLUSIONS 

1.  A theory  for  predicting  wave-induced  transverse  bending  moment, 
transverse  force  (sideload),  and  vertical  shear  force  on  the  crossbeam  and 
strut  of  SWATH  ships  with  zero  forward  speed  in  beam  waves  has  been  devel- 
oped. The  good  agreement  between  load  predictions  and  available  experi- 
mental data  confirms  the  basic  validity  of  the  theoretical  formulation. 

2.  Due  to  till'  l.irge  dr.ilt  and  small  beam  of  SWATH  demihulls,  pre- 
diction .ind  model-test  results  show  th.it  horizontally  acting  loads  .ire  .in 
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order  of  magnitude  larger  than  vertically  acting  loads.  The  transverse 
bending  moment  acting  on  the  crossbeam  is  primarily  a result  of  the  side- 
load acting  at  a point  near  middraft. 

3.  The  most  prominent  feature  of  the  sideload  and  bending-moment  re- 
.sponse.s  on  the  crossbeam  is  a large  peak,  due  to  wave  diffraction,  occurr- 
ing at  a wavelength  roughly  three  to  four  times  the  maximum  overall  beam 
of  the  sh . 

H.  The  peak  bending  moment  in  regular  waves  is  maximum  at  the  midpoint 
of  the  crossbeam  and  is  in  general  larger  for  SWATH  ships  than  for  conven- 
tional catamarans 


2 < 


Amplitude  of  peak  bending  moment 
A^A 


< 3 


where  is  the  displacement  of  the  twin  hulls  and  A is  the  wave  amplitude. 

However,  because  of  the  sharpness  of  the  peak,  the  bending  moment  in  irreg- 
ular waves  for  both  SWATH  and  conventional  twin-hull  forms  is  roughly  of 
the  same  magnitude 

Significant  amplitude  of  bending  moment  ^ n r 


where  is  the  displacement  of  one  hull,  and  d is  the  vertical  height  from 
the  middraft  point  to  the  neutral  axis  of  the  crossbeam. 
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DTNSROC  ISSUES  THREE  TYPES  OF  REPORTS 


(1>  DTNSRDC  REPORTS,  A FORMAL  SERIES  PUBLISHING  INFORMATION  OF 
PERMANENT  TECHNICAL  VALUE.  DESIGNATED  BY  A SERIAL  REPORT  NUMBER. 

(2)  DEPARTMENTAL  REPORTS.  A SEMIFORMAL  SERIES.  RECORDING  INFORMA 
TION  OF  A PRELIMINARY  OR  TEMPORARY  NATURE,  OR  OF  LIMITED  INTEREST  OR 
SIGNIFICANCE.  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION. 

(3)  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS,  NU*»BEBED  AS  TM  SERIES 
REPORTS:  NOT  FOR  GENERAL  DISTRIBUTION. 


